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Outline: 

• Brief historical overview                                                                                      
• Advances in Biology and Pharmaceuticals
• Genes, Gene sequencing, and SARS-Cov-2 (COVID-19) virus entry pathways
• Pulmonary drug delivery and drug repurposing to treat lung pathology?
• The rapid pace in vaccine development and drug delivery - historic 

scientific achievements 
• Possible treatment options for COVID-19
• Perspectives and final comments
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Brief Historical Overview                                                                                      

Neolithic 
Revolution

Neolithic Revolution

Historical overview: 

“Neolithic Revolution”
Transition from hunting and gathering to one of agriculture and settlement.

Cradles of civilization developed independently in fertile regions of : 
Mesopotamia, Ancient Egypt, India, Ancient China, Europe and 

Mesoamerica

Rise of Civilization and Diffusion of Agriculture dated from 
10,000 BCE

Maya  
Aztec
Inca

“Historical knowledge is a prerequisite 
for fully understanding any other type 
of knowledge”

Cultural Diversity, Biodiversity, Migration, Animal 
Domestication, Diseases, Wars, and History, are 

Intertwined and Have Shaped Our World
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“Kelp Highway 
theory”
14000-15000
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Black Death Spread Along the Silk Road: 130 B.C. to 1453  A.D.
Second and Third plague pandemics continued into early 19th century

A Multi-century Pandemic

11/14/2022 5

Network of trade routes connecting the East and the West

The bacterium, Yersinia pestis

Reza Fassihi 

The Great Plague of London—
How Rats and Fleas Spread the Black Death

London never really caught a break after the Black 
Death. The plague resurfaced roughly every 10 
years from 1348 to 1665—40 outbreaks in just over 
300 years. And with each new plague epidemic, 20 
percent of the men, women and children living in the 
British capital were killed.

Smallpox—A European Disease Ravages the New World

 One of history’s deadliest diseases, smallpox is estimated to 
have killed > 300 million people since 1900 alone. 

 During 18th century disease killed 400K Europeans each year.
 In 1520 Smallpox virus arrived in Americas on a Spanish 

ship.
But a massive global vaccination campaign put 
an end to the disease in 1977—making it the 
first disease ever eradicated.
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Mutated and hit 
Europeans, came back to 
US shores in August of 
1918 on a Norwegian ship, 
with 4 dead and 200 sick 
on board at sea.Origin of Flu Virus,  

“Spanish Flu 1918” Killed 50 - 80 millions, more than First World War.

11/14/2022 Reza Fassihi Ph.D. Presentation 7

Kansas Influenza “A” virus-

Subtype H1N1

No antibiotics or 
sulfonamides yet in 
1920s and 1930s;
US deaths: ~ 675000
US Population 1918:  
103.21 million

500 million infected

PLAGUE IN THE MIDDLE EAST 
AND NORTH AFRICA

8

“We need to develop sense of collective past”

The Plague of Justinian: 541 CE.                                                                          
An estimated 30 to 50 million people died.

430 BC

Plague of Athens started 
in Ethiopia and swept 
through Egypt, Libya, the 
Mediterranean Sea 
into Persia and Greece.          
Killing 1/3rd of the 
population in Athens. 

 Smallpox (1877–1977),
 The Pandemics Of 1918 

(Spanish flu),
 HIV AIDS 1981
 COVID-19 (SARS-CoV2)-

2019

The bacterium, 
Yersinia pestis

430 BC   to    2021 AD
11/14/2022 Reza Fassihi 

Asia Flu  
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What about world population ?? 
• In 500 BC—World population is around 150 million (Persian empire 50 

million, India 35 million, rest of the world the remaining). 

• In 1600 world population about 550 million.

• In 1800s the world's population reaches 1 billion
• Note that in 1800: 

We had no drugs, no anti-infectives, medical knowledge was limited, 
1 out of 5 died of Tuberculosis, 1 out of 4 died in infancy, 1 out of 8 women died in 

childbirth, 
Surgery was unsanitary, no anesthetics  and half of surgery patients died from 

complications and infections.

• In 2010 over 7 billion.

11/14/2022 9

* Based on Demographic studies & Estimates.

200 years

200 years

Reza Fassihi 
Advances in Biology, Pharmaceuticals, Vaccines 

What caused population growth after 1800s??

From: LEIGH SHAW-TAYLOR (Senior lecturer, University of Cambridge); 
Economic History Review, 73, 3 (2020), pp. E1–E19 [wileyonlinelibrary.com]. 

Life expectancy in England & Wales, 1543–2011

Absence of Medical and 
pharmaceutical interventions

Milestones:
 In 1846 for the first time Ether was used for anesthesia

It happened on 4th floor of the Bulfinch Building at Massachusetts 
General Hospital.

 Louis Pasteur (1822-1895)- introduced Pasteurization 
and vaccination. Robert Koch (1843-1910) -tuberculosis, 
cholera, and anthrax, founder of modern bacteriology. 

 Saved millions of lives through vaccines?

Vol, 366

DNA
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1953
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Francis Crick          
James Watson

International Scientific Cooperation

DNA was 
discovered in 
1953 & the idea 
of gene editing 
came about. 

Genetic Epidemiology, Sequencing and 
its role in determining diseases and 

environmental interplay

 HGP an inward voyage of discovery of the genes or 
Genome of Homo sapiens. (1990-2003)

 The sequencing of the first human genome cost over $3 billion.
 Today we have brought the price below $800. 
 ~0.15% differences between individuals FR
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In the first human germline-editing experiment in embryos carried to 
term, the stated goal was to confer HIV resistance, making this 
example relevant to the real world and highlighting the potential 
problematic nature of this technique.                                               
(Nature | Vol 578 | 13 February 2020 | 229).

Heritable and Therapeutic genome editing

Opportunities: The scientific, technical and ethical aspects of using CRISPR (clustered regularly interspaced short 
palindromic repeats) technology for therapeutic applications in humans

Opportunities and Challenges:
International Summit on Human Gene Editing-2015;                 
Debate among Bioethicists and Researchers 

CRISPER-Cas9 Technology

Ethical Considerations: Safety, Justice and Equity, Informed Consent
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COVID-19 
Pathophysiology 

and Infection

11/14/2022 14From: NIH ; &  NIAID (National Institute of Allergy and Infectious Diseases)

*
*

Same H1N1 as 
Spanish flu

Reza Fassihi 
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Root cause: Hypothesis

11/14/2022 15

Nipah virus

Swine acute diarrhea

Middle East Respiratory 
Syndrome

(SARS) in 2003; (MERS) in 2006, (H1N1) 
2010, (SARS-CoV-2) COVID-19 in 2019.

2019- COVID-19 Pandemic: How did this get started:

( Note: This is the largest stranded RNA genome with >29 kilobase)

R0 gauging contagious infections in 
an exponential manner

1. “Market” hypothesis 
2. “Pre-circulation” hypothesis
3. “Possibly research-related incident” 

R0 : It allows us to contextualize an outbreak’s infectivity with ones we have seen 
previously, such as SARS, MERS, Ebola, AIDS, seasonal flu, 2009 H1N1 flu pandemic etc.

11/14/2022 16Reza Fassihi 

Wuhan
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The International Committee on the Taxonomy of Viruses selected the 
name severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to 
represent that the new virus is a sister of the original SARS virus. 
The new lineage B.1.1.7 is characterized by 17 mutations that cause amino 
acid changes, 8 of which occur in the gene for the spike (S) protein.

11/14/2022 17

Code availability
Computer code to process the antibody sequences is available at GitHub 
(https://github.com/stratust/igpipeline/tree/igpipeline2_timepoint_v2).Reza Fassihi 

Nature ; Pages-640-644| | Vol 595| 29 July 2021 18

Selected subdomain structures are shown in ribbon diagrams. Three 
distinct receptor-binding domain (RBD) antigenic sites (AS-1, AS-2 and 
AS-3) are indicated in the RBD ribbon diagram.

Mechanisms of SARS-CoV-2 entry into cells
The full-length SARS-CoV-2 spike (S) protein

Nature Reviews, Molecular Cell Biology volume 23 | January 2022 

There are approximately 100
spikes per 90 nm diameter virion.
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Two distinct 
SARS-CoV-2 entry 
pathways

Hydroxychloroquine and 
chloroquine block endosomal 
acidification, which is 
necessary for Cathepsins
activity, and thus restrict the 
cathepsin-mediated entry 
pathway.

Clathrin- mediated 
endocytosis

Respiratory epithelia 
cell surface; 

Nature Reviews, Molecular Cell Biology volume 23 | January 2022 

 Absorptive surface area of 
about 70– 140m2 

 High permeability
 Targeted delivery
 Reduced systemic side effects, 

dose, cost, degradation
 Enhanced therapeutic efficacy

The Respiratory System & Epithelia

Bustamante-Marin et. al.; Biol. 9 (4) (2017).
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Respiratory epithelial cells

Goblet cells

Basal cells

Cilia cells

Pulmonary vein

Pulmonary artery

Microvascular
endothelialc ellsAlveolar

epithelial cells

Pneumocyte: Cells lining the alveoli (the air sacs) 
populated with ACE2 receptors 

Histology of how Diffuse Alveolar Damage (DAD) causes dyspnea and 
hypoxia as shown in damaged diffuse alveolar wall thickening.                                        

(Courtesy: Sanjay Mukhopadhyay, MD)
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COVID pneumonia(Courtesy: Sanjay Mukhopadhyay, MD, 2020)

DAD: Diffuse Alveolar Damage 

Virus has a high rate of replication — a typical SARS-CoV-2 infection, 
for instance, is thought to produce more than one million virions per 
person per day — coupled with an inherent genetic mutability.
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 80% of those who get the virus will have either mild or no symptoms
 Roughly 15-20% will have pneumonia
 Roughly 4% will develop ARDS (acute respiratory distress syndrome) and/or shock with multi-organ failure
 About 1% will die from the infection

Autopsy Findings reveal the truth:
“How COVID Patients Dying”

Virus binds to ACE2 receptors in the lung and all over, cytokine storm is 
followed by inflammation, deep vein thrombosis/pulmonary embolism, diffuse 

alveolar damage, and Viral pathogenesis.  

Lymphocytes in Heart 
muscles, viral myocardisis

Virus binds to ACE2 receptor

2311/14/2022

Pharmaceuticals / Vaccines
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Global Circumstances Regarding COVID-19

Kumari et al. Journal of Biomedical Science (2022) 29:68   ; https://doi.org/10.1186/s12929-022-00852-9

Dynamics of SARS-CoV-2 Dominant Variants 

Reza Fassihi 

Jan.2020-Jun.2020

The only FDA- approved antiviral drug in January 2020 was Remdesivir.
Remdesivir acts on the viral RNA-dependent polymerase inside the cell rather 

than at the point of entry. 

 HCQ sulfate oral tablets (200mg) were in use and FDA approved, generally safe and efficacious for diseases 
such as: Malaria, Rheumatoid arthritis, Systemic Lupus Erythematosus, and Discoid Lupus. 

 The virus–ACE2 complex is internalized via clathrin-mediated endocytosis into the endolysosomes. 
Hydroxychloroquine block endosomal acidification and thus restrict virus replication.

 An emergency use authorization for HCQ tablets (200mg) was given in the USA (April to June 2020). 
 HCQ showed mixed clinical outcomes when given as oral tablets at doses higher than recommended.

Drug Repurposing involves identifying FDA-approved drugs that 
may be effective for diseases they're not currently approved for

In January of 2020, we proposed Inhalation or 
Nebulization of low-dose HCQ sulfate solution 
and/or any other antiviral compounds for 
potential prophylactic or therapeutic benefit. 

On June 15th 2020, the FDA revoked 
emergency use authorization of HCQ tablets 

given orally for COVID-19. 

However, pulmonary delivery was 
pursued by other research scientists.
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Phase 1 Randomized Placebo-contRolled study in healthy adult 
VolunteeRs to eValuate the safety, toleRability, and 
PhaRmacokinetics of oRally inhaled aeRosolized 
hydRoxychloRoquine sulfate – a Potential tReatment foR coVid-19

Ohad Bentur et.al. ; J ALLERGY CLIN IMMUNOL VOLUME 147, NUMBER 2 February 2021.

RATIONALE: The airways and lungs are the primary sites of SARSCoV-2 entry, replication, and damage, so there is 
reason to administer drugs to these regions. Oral hydroxychloroquine (HCQ) has produced mixed results in COVID-19, 
despite reported antiviral activity in vitro (EC50 =0.72-119 µM). We tested the hypothesis that aerosolized HCQ sulfate 
(HCQ) tolerably, safely, and rapidly achieves high respiratory tissue concentrations, while minimizing systemic toxicity. 
Pharmacokinetics of 50 mg: Area Under the Blood Curve 0-24 hours post-inhalation was 377 ±127 ng*hr/mL, <15% of 
that reported for Oral HCQ 200 mg; Pharmacokinetic modelling predicts initial epithelial lining fluid concentrations in 
excess of reported EC50, and peak respiratory tissue concentrations of 0.5 µM, decreasing to 0.01 mM at 24 hours as 
HCQ slowly releases into blood.

CONCLUSIONS: Aerosolized HCQ was safe, well-tolerated, and appears to be sequestered in respiratory tissues. 
Administering aerosolized HCQ at a fraction of oral dosing may rapidly achieve respiratory tract concentrations 
sufficient to inhibit SARS-CoV-2.

11/14/2022 Reza Fassihi 28

Nebulizers are made up of:
1.a base that holds an air compressor
2.a small container for liquid medication
3.a tube that connects the air 
compressor to the medication container

Half a Century of technological Advances in Pulmonary Drug Delivery 
Noninvasive aerosol 
inhalation is an 
established method of 
drug delivery to the 
lung and remains a 
desirable route

Frontiers in Drug Delivery; April 2022, vol.2, article 871147

27

28



11/14/2022

15

11/14/2022 Reza Fassihi 29G
lo

ba
l c

au
se

-s
pe

ci
fic

 m
or

ta
lit

y
of

 2
1 

m
aj

or
 ty

pe
s 

of
 d

is
ea

se
s 

in
 2

01
7

The Top Respiratory Illnesses 
 Asthma. 
 Chronic Obstructive Pulmonary 

Disease (COPD) -2017, >540 million 
& >4 million death.

 Chronic Bronchitis. 
 Emphysema. 
 Lung Cancer. 
 Cystic Fibrosis/Bronchiectasis.
 Pneumonia.
 Pleural Effusion.
 From 2019 onwards, we can 

add COVID-19

Global causes of mortality for 
21 major types of diseases-2017 

Journal of Population Research (2022) 39:1–43
https://doi.org/10.1007/s12546-021-09271-3

Our advances in 
drug delivery to 
treat  Respiratory 
Illnesses over half 
a century is 
astounding

Regional lung deposition of inhaled technetium-99m-labeled monodisperse albuterol 
aerosols in patients with asthma 

Am J Respir Crit Care Med. 2005;172(12):1497–1504.

The smaller particles achieved greater total lung deposition than the larger particles
MMAD= mass median aerodynamic diameters 

Inhaled anti-infectives and anti-cancer drugs like-platinum analogs have been investigated 

Aerodynamic diameter 
of 1.5 µm [56%] 
Optimum size

Aerodynamic 
diameter  3 µm [50%]

Aerodynamic diameter 6 
µm [46%]

We can easily visualize drug delivery to different locations within the lung depending 
on delivery device and design
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Despite the success of vaccination, severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) remains an ongoing 
threat worldwide. Monoclonal antibody therapies have proven 
useful but are expensive and require high systemic doses. This 
study reports mRNA-expressed membrane-anchored 
antibodies along with an inhalable polymeric nanoparticle 
formulation that prevent SARS-CoV-2 infection in the stringent 
hamster model. To use these antibodies more efficiently, an 
inhalable formulation is developed that allows for the 
expression of mRNA-encoded, membrane-anchored 
neutralizing antibodies in the lung to mitigate SARS-CoV-2 
infections. Results support the use of nebulizer-based mRNA 
expression of neutralizing antibodies as a new paradigm for 
mitigating respiratory virus infections.

Idea of Nebulization is now extended to other potential compounds:
Nebulized mRNA-Encoded Antibodies Protect Hamsters from          

SARS-CoV-2 Infection
31 October 2022

Adv. Sci. 2022, 2202771 (1 of 13);    © 2022 The 
Authors. Advanced Science published by Wiley-
VCH GmbH

The Use of PUL-042 (Molnupiravir) Inhalation Solution to Reduce the 
Severity of COVID-19 in Adults Positive for SARS-CoV-2 Infection

• Purpose: To determine the efficacy of 
PUL-042 Inhalation Solution in decreasing 
the severity of COVID-19 in subjects

• Experimental: PUL-042 Inhalation 
Solution given by nebulization on Study 
Days 1, 3 and 6

• Placebo Comparator: Sterile saline for 
Inhalation given by nebulization on Study 
Days 1, 3 and 6

The Use of PUL-042 Inhalation Solution to 
Reduce the Severity of COVID-19 in Adults 
Positive for SARS-CoV-2 Infection 

https://clinicaltrials.gov › show › NCT04312997

Molnupiravir- Inhalation solution is currently clinically investigated.

Molnupiravir
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Molnupiravir: Is an orally available prodrug. that is 
rapidly converted in plasma by host’s esterases to the 
ribonucleoside analogue N-hydroxycytidine (NHC).

Molnupiravir (Lagevrio®) is an orally-administered, small 
molecule, antiviral prodrug that inhibits replication of RNA 
viruses through viral error induction. 
Dosage: 800 mg twice a day for five days early in infection.

Paxlovid (Nirmatrelvir/Ritonavir: 
(300mg/100mg twice daily for 5 days). 

Paxlovid (Nirmatrelvir/Ritonavir)
Nirmatrelvir-ritonavir (Paxlovid) is an oral antiviral drug combination 
with activity against SARS-CoV-2. Nirmatrelvir is a protease inhibitor, 
which acts to inhibit viral replication by cleaving viral polyproteins 
involved in replication. Ritonavir inhibits the CYP3A-mediated                       
metabolism of nirmatrelvir.

The science for SARS-CoV-2 antivirals is finally coming through with two 
FDA authorized drugs (December-2021)

Recently FDA approved treatment Medications for Covid-19 

The mechanism of action is through uptake by viral RNA-
dependent RNA-polymerase and integration into the viral RNA 
genome, where it promotes lethal mutations in the viral 
genome affecting infectivity and replication. Molnupiravir is 
expected to retain activity against the omicron variant.

The vaccines that had received or are close to receiving emergency use authorization at the time of 
writing are included. S protein, spike protein; 2P, diproline mutation (K986P and V987P); FKO, furin-
cleavage site knocked out; WT, wild type. a Full-length WT S protein. b Full-length S protein with 2P 
mutation in the S2 subunit to stabilize prefusion conformation. c Full-length S protein with FKO and 2P 
mutation added to stabilize prefusion conformation. d Application for emergency use authorization had 
been submitted in several countries as of August 2021 but had not been received at the time of writing.

Immune plasma: The earliest available 
therapy for COVID-19 was infusion of 
convalescent plasma.
Antibodies targeting the spike protein:
Eli Lilly’s: bamlanivimab + etesevimab.
Regeneron’s: casirivimab + imdevimab
Nature Reviews, Molecular Cell Biology volume 23 | 
January 2022 

FDA grants EUA on 
Oct 19, 2022.
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mRNA Research

The information was retrieved on June 24, 2021 from: 
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-
19-vaccines-us.html#Appendix-C. 36

The following is a list of ingredients for the 
Pfizer-BioNTech and Moderna COVID-19 nano-
lipid vaccines 

35

36



11/14/2022

19

Katalin Karikó (Hungarian: born 17 January 1955) is a Hungarian biochemist who specializes 
in RNA-mediated mechanisms. During 1985 and 1988, she was a  postdoctoral fellow at 
Temple University. In 1989, she was hired by the University of Pennsylvania and worked with 
cardiologist Elliot Barnathan on messenger RNA for protein therapies.
In 2006 She co-founded and was CEO of RNARx. 
Since 2013, she has been associated with BioNTech RNA Pharmaceuticals, first as a vice 
president and promoted to senior vice president in 2019. She also is an adjunct professor at 
the University of Pennsylvania.   

Derrick J. Rossi (born 5 February 1966), is a Canadian stem cell biologist and entrepreneur. 
He is known for co-founding the biotechnology company Moderna.
Born in Toronto as the youngest of five children of a Maltese immigrant family. 
In 2013 he and others published a paper on stem cell work and on the strength of the 
same paper Moderna was able to partner with AstraZeneca in exchange for $240 million 
"in upfront cash (plus much more in potential milestone payments)", and then received 
from other investors $110 million.

11/14/2022 37

Uğur Şahin, the co-founder and CEO of BioNTech, (2008)

Founders of : BioNTech RNA Pharmaceuticals and Moderna

Reza Fassihi 
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*

*
pDNA

Direct Gene Transfer into Mouse Muscle in Vivo
Wolff et.al.  SCIENCE; 23 Mar 1990; Vol 247, Issue 4949, pp. 1465-1468

LNP= lipid nanoparticles; CNE=cationic nanoemulsion; nonhuman primates (NHPs); siRNA= Small interfering RNA

11/14/2022 39Reza Fassihi 

Nature ,  1971 , Sep 17;233(5316):177-82. doi: 10.1038/233177a0.
Use of frog eggs and oocytes for the study of messenger RNA and its translation in living cells
J B Gurdon, C D Lane, H R Woodland, G Marbaix PMID: 4939175 DOI: 10.1038/233177a0

Timeline of years from development to deployment. Color of the bar represents the vaccine 
type. Red dots indicate the years in which the pathogen was linked to diseases.

Kumari et al. Journal of Biomedical Science (2022) 29:68; https://doi.org/10.1186/s12929-022-00852-9

President Franklin D. 
Roosevelt was 
diagnosed with polio in 
1921 at the age of 39 
and was left paralyzed 
from the waist down.

Astounding Development: Global approaches in vaccines development
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Distribution of COVID-19 therapeutics from Nov 9, 2020, into 2022, in USA

Kumari et al.
Journal of Biomedical Science 
(2022) 29:68
https://doi.org/10.1186/s12929
-022-00852-9

(monoclonal antibody)

11/14/2022 Reza Fassihi 42

Globally, as of 26 October 2022, there have been 625,740,449 confirmed cases of COVID-
19, including 6,563,667 deaths, reported to WHO. Additionally, a total of 

12,830,378,906 vaccine doses have been administered.

Total Cases in US: 97,063,357  ; Total Deaths: 1,065,152 ;  Total First Booster Dose: 111,367,843
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MMWR / February 11, 2022 / Vol. 71 / No. 6

Genomic Surveillance 
for SARS-CoV-2 Variants

US Department of Health 
and Human Services CDC  
and Prevention 

Omicron first accounted for 
>1% of circulating lineages 
nationally during the week 
ending December 11, 2021, 
>50% of viruses for the 
week ending December 25, 
and >95% by the week 
ending January 8, 2021.

 COVID-19 vaccines validated mRNA as an effective scientific approach;
 The vaccine rollout also built up a vast regulatory and manufacturing network for a 

brand-new technology in under a year. 
 In a sense, COVID-19 built the infrastructure for the mRNA future. 
 mRNA revolution is just the beginning in biotechnology, biopharmaceuticals and 

future of therapeutics?
 With manipulations of DNA, RNA and Crisper technology, are we in the beginning of a 

new era? 
 Compared to other VOCs, Omicron contains at least 32 mutations in spike (S) protein, 

including 15 mutations in the receptor-binding domain (RBD), and these mutations 
are known to confer resistance to neutralizing antibodies (nAbs) and sera of 
convalescent patients and people who have received COVID-19 vaccines.

 On August 31, 2022, FDA authorized Moderna & Pfizer-
BioNTech Bivalent COVID-19 Vaccines for Use as a Booster Dose.
11/14/2022 44

mRNA Revolution:

Reza Fassihi 
Cell Research (2022) 32:495–497; https://doi.org/10.1038/s41422-022-00631-z
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Pharmacological Takeaways from the COVID-19 pandemic

1. Drug repurposing may provide an inexpensive means to provide 
rapid therapeutics for diseases of scale (i.e. pandemics) or in 
countries with limited resources

2. Targeted pulmonary delivery of pharmaceuticals may provide a 
means to improve the therapeutic benefit of drugs while 
minimizing dose and systemic side effects

3. mRNA technology may provide not only the means to produce 
vaccines at a rapid pace, but it may evolve to allow for the 
targeted treatment of various diseases

11/14/2022 45Reza Fassihi 

What Have We Learned ??
During COVID-19 we faced Two Pandemics at the same time
1. One related to the medical conditions, hospitalizations and 

death within a restricted time.
2. Second was the Psychosocial impact.
3. During COVID-19 pandemic, we saw that scientists and health 

care professionals were at the forefront.
4. The life-saving importance of research became evident to 

everyone.
5. Pandemic-induced anxiety, confirmed individual and societal  

fragility, so that our defense reduced us to isolation.
6. People have looked to their governments for salvation.
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Vaccination efforts have been met with Some 
Reluctance due to:

Major concerns:
COVID-19 was a global crisis and required rational reflection:
More than 1.5 billion students and youth across the planet are or 

have been affected by school and university closures due to the 
COVID-19 pandemic.
Distance learning, open science, knowledge and culture sharing, is 

a fundamental means to stand together and tighten the bonds of 
our shared humanity.

11/14/2022 47Reza Fassihi 

Scientific clarity, Ethical questions, 
Political, Medical safety, and 
Religious grounds,

Globally, as of 5:43pm CEST, 28 October 2022, there have been 626,337,158 confirmed 
cases of COVID-19, including 6,566,610 deaths, reported to WHO.

It is apparent that for the common good and human solidarity, protection of 
the individuals is needed for the protection of society and vice versa.

Note: Around 35% of the US population being vaccine-
hesitant, achieving true herd immunity is unlikely.
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We now live in Interconnected World or a Global Village

Biological viruses and computer malware both have potential to spread, 
invade, disrupt and destroy their targets!!!11/14/2022 49Reza Fassihi 
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Thank you.

The only thing stronger than fear is “hope”!!

"What's past is prologue"   
By: William Shakespeare

“history sets the context for the present”

Reza Fassihi 

“There is only one evil, Ignorance”
The words of Socrates, as quoted by Herodotus.
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